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(57) There is disclosed a multi-stage compressing 
refrigeration device (R) for multi-stage compressing a 
refrigerant using a plurality of compressing means. Its 
object is to enhance reliability, intend to reduce input 
and improve refrigeration effect, and to enhance effi- 
ciency. In the multi-stage compressing refrigeration 
device (R), low-stage compressing means (52) and 
high-stage compressing means (51), a condenser 
(37,237), first expanding means (38,238), an intermedi- 
ate evaporator (42,142,239), second expanding means 
(41,241) and a main evaporator (45.145,242) constitute 
a refrigeration cycle The refrigerant flowing out of the 
condenser (37,237) is branched into one refrigerant 
passed to the intermediate evaporator (42,142) via the 
first expanding means (38) and the other refrigerant 
passed to the main evaporator (45,145) via the second 
expanding means (41). Heat exchange is performed 
between the refrigerant flowing into the second expand- 
ing means (41) and the intermediate evaporator 
(42,142). Additionally, the refrigerant flowing out of the 
main evaporator (45,145,242) is sucked by the low- 
stage compressing means (52), and the refrigerant 
flowing out of the intermediate evaporator (42,142,239) 
is sucked by the high-stage compressing means (51) 
together with the refrigerant discharged from the low- 
stage compressing means (52). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a multi-stage s 
compressing refrigeration device for compressing a 
refrigerant in multiple stages using a plurality of com- 
pressing means. 

(ii) Description of the Related Art w 

[0002] For a conventional refrigeration device for use 
in a refrigerator, an air conditioner, and the like, as dis- 
closed in Japanese Patent Publication No. 30743/1995 
(F04C23/00), a rotary type compressor is used, in is 
which two compressing means each comprising a 
rotary cylinder and a roller rotating inside the cylinder 
are contained in the same closed container. The com- 
pressing means are operated as low-stage and high- 
stage compressing means. The refrigerant gas com- 20 
pressed in one stage by the low-stage compressing 
means is sucked by the high-stage compressing 
means, so that the refrigerant is multi-stage com- 
pressed. 

[0003] According to the multi-stage compressing 25 
refrigeration device, there is an advantage that a high 
compression ratio can be obtained while the torque fluc- 
tuation in one compressing operation is suppressed. 
[0004] However, especially when a refrigerant having 
a high specific heat ratio is used in the conventional 30 
multi-stage compressing refrigeration device, the tem- 
perature of the gas refrigerant of the low-stage com- 
pressing means sucked by the high-stage compressing 
means is raised, and input is disadvantageous! y raised. 
Moreover, the temperature of the gas refrigerant dis- 35 
charged from the high-stage compressing means is 
also raised. Therefore, when ester oil (e.g., polyol ester 
or POE) is used as a lubricating oil, the lubricating oil 
causes hydrolysis by heat, and acid and alcohol are 
generated. Since sludge is generated as the acid, a 40 
capillary tube is disadvantageous^ clogged, while lubri- 
cating properties are deteriorated. 
[0005] Moreover, since the refrigeration effect is also 
lowered, efficiency (result coefficient) is disadvanta- 
geous! y deteriorated. 45 
[0006] Furthermore, during pull-down when equip- 
ment is installed or in another transient condition, even 
if multi-stage compression is performed, the enhance- 
ment of efficiency cannot be expected. On the contrary, 
when operation by one-stage compression of each 50 
compressing means is performed, the displacement 
volume is increased, and an efficient operation can be 
realized. Conversely, during nighttime or in another low- 
load condition, multi-stage compression is unneces- 
sary. 55 
[0007] On the other hand, in a conventional household 
refrigerator provided with a cold storage chamber and a 
freezing chamber, air cooled by an evaporator usually 



installed on the side of the freezing chamber is circu- 
lated in each chamber for cooling. In this case, the tem- 
peras e of the freezing chamber is controlled by 
controlling a compressor, but the temperature of the 
cold storage chamber is controlled by regulating the cir- 
culation amount of cool air flowing into the freezing 
chamber. Therefore, the temperature of the freezing 
chamber should be subordinate to the temperature of 
the freezing chamber. 

[0008] To solve the problem, there is proposed a 
device in which freezing and cold storage chambers are 
provided with freezing and cold storage chamber evap- 
orators, respectively, so that each chamber is directly 
cooled by the evaporator installed therein. In this case, 
when the refrigerant is supplied to the evaporators by 
one ordinary compressor, pressure adjustment 
becomes difficult, while refrigeration effect and opera- 
tion efficiency are disadvantageously deteriorated. 

SUMMARY OF THE INVENTION 

[0009] The present invention has been developed to 
solve the aforementioned conventional technical prob- 
lems, and an object thereof is to provide a multi-stage 
compressing refrigeration device in which a plurality of 
compressing means are used to compress a refrigerant 
in multiple stages, so that reliability is enhanced, input is 
reduced, refrigeration effect is improved, and efficiency 
is increased. 

[0010] In the multi-stage compressing refrigeration 
device of the present invention, low-stage compressing 
means and high-stage compressing means, a con- 
denser, first expanding means, an intermediate evapo- 
rator, second expanding means and a main evaporator 
constitute a refrigeration cycle. A refrigerant flowing out 
of the condenser is branched into one refrigerant 
passed to the intermediate evaporator via the first 
expanding means and the other refrigerant passed to 
the main evaporator via the second expanding means. 
Heat exchange is performed between the refrigerant 
flowing into the second expanding means and the inter- 
mediate evaporator, the refrigerant flowing out of the 
main evaporator is sucked by the low-stage compress- 
ing means, and the refrigerant flowing out of the inter- 
mediate evaporator is sucked by the high-stage 
compressing means together with the refrigerant dis- 
charged from the low-stage compressing means. 
[0011] According to the present invention, the low- 
stage and high-stage compressing means, the con- 
denser, the first expanding means, the intermediate 
evaporator, the second expanding means and the main 
evaporator constitute the refrigeration cycle. The refrig- 
erant flowing out of the condenser is branched in one 
refrigerant passed to the intermediate evaporator via 
the first expanding means and the other refrigerant 
passed to the main evaporator via the second expand- 
ing means. Additionally, the refrigerant flowing out of the 
main evaporator is sucked by the low-stage compress- 
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ing means, and the refrigerant flowing out of the inter- 
mediate evaporator is sucked by the high-stage 
compressing means together with the refrigerant dis- 
charged from the low-stage compressing means. 
Therefore, while the torque fluctuation in one compress- 5 
ing operation in the compressor is suppressed, a high 
compression ratio can be obtained. Additionally, the 
temperature of the gas refrigerant sucked by the high- 
stage compressing means can be lowered. Therefore, 
input reduction can be attained. Moreover, the tempera- 10 
ture of the gas refrigerant discharged from the high- 
stage compressing means is also lowered. For exam- 
ple, even when ester oil is used as a lubricating oil, the 
generation of POE problem or the deterioration of lubri- 
cating properties can be prevented. 75 
[0012] Especially, since the heat exchange is per- 
formed between the refrigerant flowing into the second 
expanding means and the intermediate evaporator, the 
refrigeration effect is increased relative to the refrigerant 
circulation amount in the main evaporator. Therefore, 20 
the efficiency can be enhanced. 

[0013] Here, Fig. 4 shows the relationship of a ratio 
D2/D1 of displacement volume D1 of the low-stage 
compressing means and displacement volume D2 of 
the high-stage compressing means and the result coef- 25 
ficient. As clearly seen from Fig. 4, the result coefficient 
exhibits a mountain-shaped characteristic with the vicin- 
ity of the displacement volume ratio D2/D1 of 30% (0.3) 
being a peak. Subsequently, the throttle amount of the 
first expanding means is changed to change the refrig- 30 
erant temperature in the intermediate evaporator. When 
the peak value on the curve of Fig. 4 in each refrigerant 
temperature is plotted as shown in Fig. 6, a mountain- 
shaped characteristic is obtained as shown in Fig. 5 or 
6. A line shown in the lowermost portion of Fig. 6 shows 35 
the result coefficient of one-stage compressing refriger- 
ation device. 

[0014] Specifically, Fig. 5 or 6 shows the relationship 
of the refrigerant temperature in the intermediate evap- 
orator and the result coefficient. Additionally, since the 40 
refrigerant temperature in the intermediate evaporator is 
set in the range of -10°C to +25°C in the present inven- 
tion, as clearly seen from Fig. 6, the result coefficient 
can remarkably be improved as compared with the one- 
stage compressing refrigeration device. 45 
[0015] Moreover, in the multi-stage compressing 
refrigeration device of the present invention, the ratio 
D2/D1 of the displacement volume D1 of the low-stage 
compressing means and the displacement volume D2 
of the high-stage compressing means is set in the range so 
of 0.35±0.15. 

[0016] As clearly seen from Fig. 4, the result coeffi- 
cient forms the mountain -shaped characteristic with the 
vicinity of the displacement volume ratio D2/D1 of 30% 
being the peak. Additionally, in the present invention. 55 
the ratio D2/D1 of the displacement volume D1 of the 
low-stage compressing means and the displacement 
volume D2 of the high -stage compressing means is set 



in the range of 0.35+0.15. Therefore, the result coeffi- 
cient is further improved as compared with the one- 
stage compressing refrigeration device, and the effi- 
ciency can be enhanced. 

[0017] Furthermore, in a refrigerator using the multi- 
stage compressing refrigeration device of the present 
invention, an electric motor and a compressing element 
operated by the electric motor are installed in a single 
closed container. The compressing element is provided 
with a compressor constituted by a low-stage com- 
pressing section and a high-stage compressing section, 
and a refrigeration cycle constituted by the low-stage 
and high-stage compressing sections of the compres- 
sor, a condenser, first expanding means, a cold storage 
chamber evaporator, second expanding means and a 
freezing chamber evaporator. A refrigerant flowing out 
of the condenser is branched into one refrigerant 
passed to the cold storage chamber evaporator via the 
first expanding means and the other refrigerant passed 
to the freezing chamber evaporator via the second 
expanding means. Heat exchange is performed 
between the refrigerant flowing into the second expand- 
ing means and the cold storage chamber evaporator, 
the refrigerant flowing out of the freezing chamber evap- 
orator is sucked by the low-stage compressing section, 
and the refrigerant flowing out of the cold storage cham- 
ber evaporator is sucked by the high-stage compressing 
section together with the refrigerant discharged from the 
low-stage compressing section. 

[0018] Furthermore, in the multi-stage compressing 
refrigeration device of the present invention, low-stage 
compressing means, high-stage compressing means, a 
condenser, primary expanding means, an accumulator, 
secondary expanding means and an evaporator are 
successively interconnected in a circular shape to con- 
stitute a refrigeration cycle and to selectively perform a 
first mode in which a refrigerant discharged from the 
high-stage compressing means is successively passed 
through the condenser, the primary expanding means, 
the accumulator, the secondary* expanding means and 
the evaporator and sucked by the high-stage compress- 
ing means; a second mode in which a refrigerant dis- 
charged from the low-stage compressing means is 
successively passed through the condenser, the pri- 
mary expanding means, the accumulator, the second- 
ary expanding means and the evaporator and sucked by 
the low-stage compressing means; a third mode in 
which refrigerants discharged from the high-stage and 
low-stage compressing means are successively passed 
through the condenser, the primary expanding means, 
the accumulator, the secondary expanding means and 
the evaporator, branched and sucked by the high -stage 
and low-stage compressing means, respectively; and a 
fourth mode in which a refrigerant discharged from the 
high-stage compressing means is successively passed 
through the condenser, the primary expanding means 
and the accumulator, a liquid refrigerant in the accumu- 
lator is passed to the evaporator via the secondary 
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expanding means and sucked by the low-stage com- 
pressing means, a refrigerant discharged from the low- 
stage compressing means is sucked by the high-stage 
compressing means, and a saturated gas refrigerant in 
the accumulator is sucked by the high-stage compress- 5 
ing means together with the refrigerant discharged from 
the low-stage compressing means. 
[0019] Additionally, in the multi-stage compressing 
refrigeration device of the present invention,' the gas-liq- 
uid separation temperature in the accumulator is set in 10 
the range of -5°C to +25°C in the same manner as 
described above. 

[0020] Furthermore, in the multi-stage compressing 
refrigeration device of the present invention, the ratio 
D2/D1 of the refrigeration device D1 of the low-stage 15 
compressing means and the refrigeration device D2 of 
the high-stage compressing means is set in the range of 
0.3510.1. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 
[0021] 

Fig. 1 is a refrigerant circuit diagram of a multi- 
stage compressing refrigeration device of the 25 
present invention. 

Fig. 2 is a vertical sectional view of a compressor 
applied to the present invention. 
Fig. 3 is Mollier chart of the multi-stage compress- 
ing refrigeration device of the present invention. 30 
Fig. 4 is a graph showing the relationship of a dis- 
placement volume ratio of a low-stage compressing 
section (low-stage compressing means) and a 
high-stage compressing section (high-stage com- 
pressing means) and a result coefficient. 35 
Fig. 5 is a graph showing the relationship of a refrig- 
erant temperature in an intermediate evaporator 
and the result coefficient. 

Fig. 6 is another graph similarly showing the rela- 
tionship of the refrigerant temperature in the inter- 40 
mediate evaporator and the result coefficient. 
Fig. 7 is a refrigerant circuit diagram of the multi- 
stage compressing refrigeration device for use in a 
refrigerator of the present invention. 
Fig. 8 is a refrigerant circuit diagram of another 45 
multi-stage compressing refrigeration device of the 
present invention. 

Fig. 9 is a refrigerant circuit diagram showing the 
refrigerant flow in the first mode of the multi-stage 
compressing refrigeration device of Fig. 8. so 
Fig. 10 is a refrigerant circuit diagram showing the 
refrigerant flow in the second mode of the multi- 
stage compressing refrigeration device of Fig. 8. 
Fig. 1 1 is a refrigerant circuit diagram showing the 
refrigerant flow in the third mode of the multi-stage 55 
compressing refrigeration device of Fig. 8. 
Fig. 12 is a refrigerant circuit diagram showing the 
refrigerant flow in the fourth mode of the multi-stage 



compressing refrigeration device of Fig. 8. 
Fig. 13 is Mollier chart of the multi-stage compress- 
ing refrigeration device of Fig. 8 in the fourth mode. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0022] Embodiments of the present invention will be 
described below in detail with reference to the accom- 
panying drawings. Fig. 1 is a refrigerant circuit diagram 
of a multi-stage compressing refrigeration device R of 
the present invention, and Fig. 2 is a vertical sectional 
view of a rotary compressor C applied to the present 
invention. First referring to Fig. 2, numeral 1 denotes a 
closed container, in which an electric motor (brushless 
DC motor) 2 is contained in an upper section, and a 
compressing element 3 rotated/operated by the electric 
motor 2 is contained in a lower section. After the electric 
motor 2 and the compressing element 3 are contained 
in two chambers divided beforehand, the closed con- 
tainer 1 is sealed by high-frequency welding or the like. 
[0023] The electric motor 2 is constituted of a stator 4 
fixed to the inner wall of the closed container 1 , and a 
rotor 5 rotatably supported around a rotating shaft 6 
inside the stator 4. The stator 4 is provided with a stator 
winding 7 for providing the rotor 5 with rotating magnetic 
field. Additionally, W1, W2 denote balance weights 
attached to upper and lower surfaces of the rotor 5. 
[0024] The compressing element 3 is provided with a 
first rotary cylinder 9 and a second rotary cylinder 10 
which are partitioned with an intermediate partition 
plate 8. Eccentric portions 11, 12 rotated/operated by 
the rotating shaft 6 are attached to the cylinders 9, 10, 
and the eccentric positions of the eccentric portions 1 1 , 
12 are deviated in phase from each other by 180 
degrees. 

[0025] First and second rollers 13, 14 are rotated in 
the cylinders 9. 10 when the eccentric portions 11. 12 
are rotated. Numerals 15, 16 denote first and second 
frames. A closed compression space of the cylinder 9 is 
formed between the first frame 15 and the intermediate 
partition plate 8, while a closed compression space of 
the cylinder 10 is similarly formed between the second 
frame 1 6 and the intermediate partition plate 8. Moreo- 
ver, the first and second frames 15,16 are provided with 
bearings 17, 18 for rotatably supporting the lower por- 
tion of the rotating shaft 6. 

[0026] A high-stage compressing section 51 (high- 
stage compressing means) is formed by the upper cyl- 
inder 9, the eccentric portion 11, the roller 13, a vane 
(not shown) for defining high and low pressure cham- 
bers in the cylinder 9, and the like. A low-stage com- 
pressing section 52 (low-stage compressing means) is 
formed by the lower cylinder 10. the eccentric portion 
12, the roller 14, a vane (not shown) for defining high 
and low pressure chambers in the cylinder 10, and the 
like. 

[0027] Moreover, when the displacement volume of 
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the low-stage compressing section 52 is D1, and the 
displacement volume of the high-stage compressing 
section 51 is D2, the displacement volume ratio D2/D1 
is set in the range of 0.35± 0.15. 

[0028] A discharge muffler 1 9 is attached to cover the s 
first frame 15. The cylinder 9 and the discharge muffler 
19 are interconnected via a discharge hole (not shown) 
formed in the first frame 15. 

[0029] On the other hand, a recess 21 is formed in the 
second frame 1 6, and an expansion type sound clamper io 
28 is formed by closing the recess 21 with a lid 26 and 
fixing the lid 26 integrally with the second frame 16 onto 
the cylinder 10 with a bolt 27. The second frame 16 is 
provided with a discharge port 29 for connecting the cyl- 
inder 1 0 and the recess 21 . 15 
[0030] Additionally, the second frame 16 is positioned 
in the lowermost section in the closed container 1 , and 
an oil reservoir 30 for storing lubricating oil is formed 
around the second frame 16. Since the surrounding of 
the second frame 1 6 is thus filled with the lubricating oil, 20 
there is no danger that high-pressure gas in the closed 
container 1 leaks into the expansion type sound damper 
28. Therefore, the deterioration of performance by a 
decrease of refrigerant circulation amount can be pre- 
vented. 25 
[0031 ] The discharge port 29 is connected to a piping 
31 drawn out of the closed container 1, and the piping 
31 is inserted from above into a flow combiner 32 pro- 
vided outside the closed container 1 to open into the 
flow combiner 32. Moreover, an exit piping 32A on the 30 
lower end of the flow combiner 32 is connected to a suc- 
tion pipe 23 leading to the cylinder 9. 
[0032] On the other hand, a discharge pipe 22 is pro- 
vided on the closed container 1 , while a suction pipe 24 
is connected to the cylinder 10. Moreover, a closing ter- 35 
minal 25 is provided for supplying electric power to the 
stator winding 7 of the stator 4 from the outside of the 
closed container 1 (a lead wire connecting the closing 
terminal 25 and the stator winding 7 is not shown). 
[0033] Additionally, in the refrigerant circuit of Fig. 1, 40 
the discharge pipe 22 of the compressor C constituting 
the refrigeration device R is connected to the entrance 
of a condenser 37 via a piping 36. The exit side of the 
condenser 37 is branched into two ways: one way is 
connected to a capillary tube 38 as the first expanding 45 
means; and the other way forms a branched piping 40, 
which is heat-exchangeably passed through an inter- 
mediate evaporator 42 and then connected to a capil- 
lary tube 41 as the second expanding means. 
[0034] The exit of the capillary tube 38 is connected to so 
the intermediate evaporator 42. A piping 44 on the exit 
side of the intermediate evaporator 42 is inserted into 
the flow combiner 32 from above to open inside. Moreo- 
ver, a main evaporator 45 is connected to the exit of the 
capillary tube 41 , and a piping 43 connected to the exit 55 
of the main evaporator 45 is connected to the suction 
pipe 24 of the compressor C. 

[0035] The refrigeration cycle of the multi-stage com- 



pressing refrigeration device R is constituted as 
described above. The predetermined amount of HFC 
• efrigerant or HC refrigerant such as R-134a is sealed in 
the refrigerant circuit of the multi-stage compressing 
refrigeration device R, and examples of lubricating oil 
include ester oil, ether oil, alkyl benzene oil, mineral oil, 
and the like. In the embodiment, R-134a is used as the 
refrigerant, and the ester oil is used as the lubricating 
oil. 

[0036] The operation of the aforementioned constitu- 
tion will next be described. When the electric motor 2 is 
operated, the low-stage compressing section 52 sucks 
the refrigerant via the suction pipe 24 to perform com- 
pression (first-stage compression), and discharges the 
refrigerant to the piping 31 from the discharge port 29 
via the expansion type sound damper 28. The one- 
stage compressed gas refrigerant discharged via the 
piping 31 is sucked by the high-stage compressing sec- 
tion 51 from the suction pipe 23 via the flow combiner 
32. The two-stage compressed gas refrigerant sub- 
jected to compression (second-stage compression) is 
discharged to the discharge muffler 1 9 via the discharge 
hole, and further discharged into the closed container 1 
via the discharge muffler 19. 

[0037] The two-stage compressed gas refrigerant dis- 
charged into the closed container 1 is discharged to the 
piping 36 via the discharge pipe 22. The refrigerant then 
flows into the condenser 37. in which heat dissipation 
and condensation are performed. Thereafter, the refrig- 
erant is discharged from the condenser 37 and 
branched. In one branched path, after the pressure 
reduction is performed in the capillary tube 38, the 
refrigerant flows into the intermediate evaporator 42 to 
evaporate. 

[0038] At this time, the intermediate evaporator 42 ful- 
fills its cooling action by taking heat from its surround- 
ing. Additionally, the throttle amount of the capillary tube 
38 is selected in such a manner that the temperature of 
the evaporated refrigerant is in the range of -10 S C to 
+25*C. 

[0039] The low-temperature gas refrigerant flowing 
out of the intermediate evaporator 42 is passed through 
the exit side piping 44 to flow into the flow combiner 32. 
After the refrigerant meets the one-stage compressed 
gas refrigerant discharged from the low-stage com- 
pressing section 52 as described later, the refrigerants 
are sucked into the high-stage compressing section 51 
via the suction pipe 23 and compressed again. 
[0040] On the other hand, the liquid refrigerant flowing 
into the branched piping 40 via the condenser 37 is 
supercooled while being passed through the intermedi- 
ate evaporator 42, and its pressure is reduced in the 
capillary tube 41. The refrigerant then flows into the 
main evaporator 45 to evaporate therein. The main 
evaporator 45 fulfills its cooling action by taking heat 
from its surrounding. The low-temperature gas refriger- 
ant flowing out of the main evaporator 45 is passed 
through the piping 43 to return to the compressor C, and 
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sucked again by the low-stage compressing section 52 
via the suction pipe 24. 

[0041] The one-stage compressed gas remgerant dis- 
charged from the low-stage compressing section 52 
meets the low-temperature gas refrigerant flowing out of 
the intermediate evaporator 42 in the flow combiner 32 
as described above. Subsequently, the refrigerants are 
sucked by the high-stage compressing section 51 via 
the suction pipe 23, and compressed again. 
[0042] As described above, in the present invention, 
the low-stage compressing section 52 and the high- 
stage compressing section 51 of the compressor C, the 
condenser 37, the capillary tube 38, the intermediate 
evaporator 42, the capillary tube 41 and the main evap- 
orator 45 constitute a refrigeration cycle. The refrigerant 
flowing out of the condenser 37 is branched into one 
refrigerant passed to the intermediate evaporator 42 via 
the capillary tube 38 and the other refrigerant passed to 
the main evaporator 45 via the capillary tube 41. Addi- 
tionally, the refrigerant f lowing out of the main evapora- 
tor 45 is sucked by the low-stage compressing section 
52, and the refrigerant flowing out of the intermediate 
evaporator 42 is sucked by the high-stage compressing 
section 51 together with the refrigerant discharged from 
the low-stage compressing section 52. Therefore, while 
the torque fluctuation in one compressing operation in 
the compressor C is suppressed, a high compression 
ratio can be obtained. Additionally, the temperature of 
the gas refrigerant sucked by the high-stage compress- 
ing section 51 can be lowered, and input can be 
reduced. 

[0043] Moreover, the temperature of the gas refriger- 
ant discharged from the high-stage compressing sec- 
tion 51 is also lowered. For example, even when ester 
oil is used as the lubricating oil, the generation of POE 
problem and the deterioration of lubricating properties 
can be prevented. 

[0044] Especially, since heat exchange is performed 
between the refrigerant flowing into the capillary tube 41 
and the intermediate evaporator 42, the refrigeration 
effect relative to the refrigerant circulation amount in the 
main evaporator 45 is increased, and efficiency can be 
enhanced (refer to Mollier chart of Fig. 3). 
[0045] Here, the relationship of the ratio D2/D1 of the 
displacement volume D1 of the low-stage compressing 
section 52 and the displacement volume D2 of the high- 
stage compressing section 51 and the result coefficient 
is shown in Fig. 4. As clearly seen from Fig. 4. the result 
coefficient exhibits a mountain -shaped characteristic 
with the vicinity of displacement volume ratio D2/D1 of 
30% (0.3) being its peak. 

[0046] Subsequently, the throttle amount of the capil- 
lary tube 38 is changed to change the refrigerant tem- 
perature in the intermediate evaporator 42. When the 
peak value of the curve of Fig. 4 in each refrigerant tem- 
perature is plotted as shown- in Fig. 6, a mountain- 
shaped characteristic is obtained as shown in*Fig. 5 or 
6. 



[0047] Specifically, in the present invention, since the 
refrigerant temperature in the intermediate evaporator 
42 is set in the range of -10°C to +25°C as described 
above based on the relationship of the refrigerant tem- 
5 perature in the intermediate evaporator 42 and the 
result coefficient shown in Fig. 5 or 6. the result coeffi- 
cient can remarkably be improved as compared with the 
one-stage compressing refrigeration device shown in 
the lowermost portion of Fig. 5. 
io [0048] Moreover, as clearly seen from Fig. 4, the 
result coefficient exhibits the mountain-shaped charac- 
teristic with the vicinity of displacement volume ratio 
D2/D1 of 30% being its peak, but in the present inven- 
tion the displacement volume ratio D2/D1 is set in the 
is range of 0.35±0.15. Therefore, the result coefficient is 
further improved as compared with the one-stage com- 
pressing refrigeration device, and efficiency can be 
enhanced. i 
[0049] Additionally, in the embodiment the low-stage 
20 compressing means and the high-stage compressing 
means are constituted using the compressor provided 
with a plurality of rotary cylinders in the single closed 
container, but the invention is not limited to the constitu- 
tion. The low-stage and high-stage compressing means 
25 may be constituted using two compressors of single-cyl- 
inder type. Moreover, the two-stage compressing refrig- 
eration device has been described in the embodiment, 
but the present invention is not limited to the device. The 
present invention can effectively be applied to the com- 
30 pression in three, four, or multiple stages. 

[0050] As described above in detail, according to the 
present invention, the low-stage compressing means 
and the high-stage compressing means, the condenser, 
the first expanding means, the intermediate evaporator, 
35 the second expanding means and the main evaporator 
constitute a refrigeration cycle. The refrigerant flowing 
out of the condenser is branched to one refrigerant 
passed to the intermediate evaporator via the first 
expanding means and the other refrigerant passed to 
40 the main evaporator via the second expanding means. 
Additionally, the refrigerant flowing out of the main evap- 
orator is sucked by the low-stage compressing means, 
and the refrigerant flowing out of the intermediate evap- 
orator is sucked by the high-stage compressing means 
45 together with the refrigerant discharged from the low- 
stage compressing means. Therefore, while the torque 
fluctuation in one compressing operation in the com- 
pressor C is suppressed, a high compression ratio can 
be obtained. Additionally, the temperature of the gas 
so refrigerant sucked by the high-stage compressing 
means can be lowered, and input can be reduced. 
Moreover, the temperature of the gas refrigerant dis- 
charged from the high-stage compressing means is 
also lowered. For example, even when ester oil is used 
55 as the lubricating oil. the generation of POE problem 
and the deterioration of lubricating properties can be 
prevented. 

[0051] Especially, since the heat exchange is per- 
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formed between the refrigerant flowing into the second 
expanding means and the intermediate evaporator, the 
refrigeration effect relative to the refrigerant circulation 
amount in the main evaporator is increased. Therefore, 
efficiency can be enhanced. s 
[0052] Moreover, since the refrigerant temperature in 
the intermediate evaporator is set in the range of -10°C 
to +25°C, the result coefficient can remarkably be 
improved as compared with the one-stage compressing 
refrigeration device. to 
[0053] Furthermore, since the ratio D2/D1 of the dis- 
placement volume Dl of the low-stage compressing 
means and the displacement volume D2 of the high- 
stage compressing means is set in the range of 
0.35±0.15, the result coefficient is further improved as 15 
compared with the one-stage compressing refrigeration 
device, and efficiency can be enhanced. 
[0054] Fig. 7 is a refrigerant circuit diagram when the 
multi-stage compressing refrigeration device R of the 
present invention is mounted on a refrigerator. In Fig. 7, 20 
numeral 142 denotes a cold storage chamber evapora- 
tor for cooling a cold storage chamber of the refrigera- 
tor, and 145 denotes a freezing chamber evaporator for 
cooling a freezing chamber of the refrigerator. The 
refrigerant circuit of the Fig. 7 is the same as the refrig- 25 
erant circuit of Fig. 1 , except that the cold storage cham- 
ber evaporator 142 is connected to the position of the 
intermediate evaporator 42 of the refrigerant circuit of 
Fig. 1, while the freezing chamber evaporator 145 is 
connected to the position of main evaporator 45 of the 30 
refrigerant circuit of Fig. 1 . The same compressor C is 
used. 

[0055] Additionally, in this case, in Fig. 3, the main 
evaporator is replaced with the freezing chamber evap- 
orator, and the intermediate evaporator is replaced with 35 
the cold storage chamber evaporator. It goes without 
saying that the intermediate evaporator temperature in 
Fig. 5 is replaced with the cold storage chamber evapo- 
rator temperature and that the intermediate evaporator 
temperature of Fig. 6 is replaced with the cold storage 40 
chamber evaporator temperature. 
[0056] In the constitution, the refrigerant is circulated 
in the evaporators 145 and 142 by one compressor C, 
and the freezing chamber and the cold storage chamber 
of the refrigerator can independently be cooled. Addi- 45 
tionally, the result coefficient can be enhanced. 
[0057] However, in order to cool the freezing chamber 
in the embodiment, each element is set in such a man- 
ner that the evaporation temperature of the refrigerant in 
the freezing chamber evaporator 145 is -20 fi C. Moreo- so 
ver. since the temperature also needs to be low to some 
degree in the cold storage chamber evaporator 1 42 in 
order to cool the cold storage chamber, the throttle 
amount of the capillary tube 38 may be selected in such 
a manner that the refrigerant temperature in the cold 55 
storage chamber evaporator 142 is in the range of - 
10°Cto 0°C. 

[0058] Fig. 8 shows a refrigerant circuit diagram of 



another multi-stage compressing refrigeration device R 
of the present invention. In this case, the compressor C 
is basically the same as the compressor C shown in Fig. 

2. 

[0059] The refrigerant circuit of the multi-stage com- 
pressing refrigeration device R in the embodiment is 
constituted in such a manner that a first mode M1, a 
second mode M2, a third mode M3 and a fourth mode 
M4 can be operated as described later. 
[0060] In the refrigerant circuit of Fig. 8, the discharge 
pipe 22 of the compressor C constituting the refrigera- 
tion device R is connected to the entrance of a con- 
denser 237 via a piping 236, and a capillary tube 238 as 
primary expanding means is connected to the exit of the 
condenser 237. The upper section of a accumulator 239 
is connected to the exit of the capillary tube 238, and a 
capillary tube 241 as secondary expanding means is 
connected to the lower end of the accumulator 239. 
[0061] Then, an evaporator 242 is connected to the 
exit of the capillary tube 241, and the piping 43 con- 
nected to the exit of the evaporator 242 is connected to 
the suction pipe 24 of the compressor C. Furthermore, 
the branched pipe 44 is connected to the upper section 
of the accumulator 239, and the branched pipe 44 is 
inserted into the flow combiner 32 from above and has 
an open end inside. 

[0062] Moreover, in the embodiment, a first switching 
solenoid valve 245 is disposed in the flow combiner 32 
of the compressor C of Fig. 2, and interposed before the 
exit piping 32A. Furthermore, a piping 245A branched 
from the piping 43 is connected to the first switching 
solenoid valve 245. 

[0063] Furthermore, a second switching solenoid 
valve 246 is disposed in the piping 31, and a piping 
246A connected to the second switching solenoid valve 
246 is connected and opened into the closed container 
1 of the compressor C of Fig. 2. Moreover, a solenoid 
valve 247 is disposed in the piping 43 on the down- 
stream side from a branched point of the piping 245A. 
Additionally, the predetermined amount of HFC refriger- 
ant or HC refrigerant such as R-134a is similarly sealed 
in the refrigerant circuit of the multi-stage compressing 
refrigeration device R, and ester oil, ether oil, HAB oil, 
mineral oil, or the like is used as the lubricating oil. In the 
embodiment, however, R-134a is used as the refriger- 
ant, and ester oil is used as the lubricating oil. 
[0064] The flow of the refrigerant to the high-stage 
compressing section 51 from the flow combiner 32 via 
the suction pipe 23 can be activated or stopped by 
switching operation of the first switching solenoid valve 
245. and the flow of the refrigerant to the high-stage 
compressing section 51 from the evaporator 242 via the 
piping 245A and the suction pipe 23 can be activated or 
stopped by the switching operation. Furthermore, the 
flow of the refrigerant from the flow combiner 32 and the 
flow of the refrigerant from the evaporator 242 can 
simultaneously stopped by the switching operation of 
the first switching solenoid valve 245. 
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[0065] (Moreover, the refrigerant discharged from the 
low-stage compressing section 52 can be passed to the 
flow combiner 32 via the piping 31 or stopped by switch- 
ing operation of the second switching solenoid valve 
246. Additionally, the refrigerant discharged from the 5 
low-stage compressing section 52 can be passed into 
the closed container 1 via the piping 246A or stopped by 
the switching operation. 

[0066] The first mode M1 , the second mode M2, the 
third mode M3 and the fourth mode M4 in the refrigerant io 
circuit constituted as described above will be described. 
First in the first mode Ml, the first switching solenoid 
valve 245 stops the refrigerant from flowing in from the 
flow combiner 32, and the refrigerant is passed to the 
high-stage compressing section 51 from the evaporator 15 
242 via the piping 245A. Moreover, the solenoid valve 
247 is closed to stop the refrigerant from flowing toward 
the low-stage compressing section 52 from the evapo- 
rator 242 (Fig. 9). 

[0067] Moreover, in the second mode M2, the sole- 20 
noid valve 247 is opened to pass the refrigerant toward 
the suction pipe 24 from the evaporator 242. Addition- 
ally, the second switching solenoid valve 246 stops the 
refrigerant discharged from the low -stage compressing 
section 52 from flowing into the flow combiner 32 to 25 
pass the refrigerant discharged from the low-stage com- 
pressing section 52 into the closed container 1 via the 
piping 246A. Moreover, the first switching solenoid valve 
245 is closed to stop the refrigerant from flowing in from 
the flow combiner 32 and to stop the refrigerant from 30 
flowing in via the piping 245A (Fig. 10). 
[0068] Moreover, in the third mode M3, the first switch- 
ing solenoid valve 245 stops the refrigerant from flowing 
in from the flow combiner 32 to pass the refrigerant to 
the high-stage compressing section 51 from the evapo- 35 
rator 242 via the piping 245A. Additionally, the solenoid 
valve 247 is opened to pass the refrigerant from the 
evaporator 242 to the low-stage compressing section 52 
via the suction pipe 24. Moreover, the second switching 
solenoid valve 246 stops the refrigerant discharged 40 
from the low-stage compressing section 52 from flowing 
into the flow combiner 32 to pass the refrigerant into the 
closed container 1 (Fig. 11). 

[0069] Furthermore, in the fourth mode M4, the sole- 
noid valve 247 is opened to pass the refrigerant from 45 
the evaporator 242 to the low-stage compressing sec- 
tion 52 via the suction pipe 24. Additionally, the second 
switching solenoid valve 246 is constituted to pass the 
refrigerant discharged from the low-stage compressing 
section 52 to the flow combiner 32 via the piping 31. so 
Moreover, the first switching solenoid valve 245 stops 
the refrigerant from flowing in via the piping 245A to 
pass the refrigerant to the high-stage compressing sec- 
tion 51 from the flow combiner 32 (Fig. 12). 
[0070] The operation of the modes M 1 , M2. M3. M4 in 55 
the aforementioned constitution will next be described 
When the electric motor 2 is operated in the first mode 
Ml, the gas refrigerant compressed by the high-stage 



compressing section 51 is discharged to the discharge 
muffler 1 9 via the discharge hole and further discharged 
into the closed container 1 via the discharge muffler 19. 
The compressed gas refrigerant discharged into the 
closed container 1 is discharged to the piping 236 via 
the discharge pipe 22 to flow into the condenser 237. 
After heat dissipation and condensation are performed 
in the condenser 237, the pressure reduction is per- 
formed by the capillary tube 238, before the refrigerant 
flows into the accumulator 239. 

[0071] Subsequently, only the liquid refrigerant flows 
to the capillary tube 241 out of the accumulator 239. 
After pressure reduction is performed, the refrigerant 
flows into the evaporator 242 to evaporate and fulfill its 
cooling action. The low-temperature refrigerant flowing 
out of the evaporator 242 is passed through the first 
switching solenoid valve 245 via the piping 245A, and 
sucked by the high-stage compressing section 51 via 
the suction pipe 23. 

[0072] Specifically, in the first mode M1 , only the high- 
stage compressing section 51 is operated for cooling 
without using the low-stage compressing section 52. 
Thereby, during nighttime or when outside air tempera- 
ture is low, the cooling ability is lowered and the power 
consumption can be suppressed. 
[0073] Moreover, when the electric motor 2 is oper- 
ated in the second mode M2, the gas refrigerant com- 
pressed by the low-stage compressing section 52 flows 
to the piping 246A from the second switching solenoid 
valve 246 and is discharged into the closed container 1 . 
The compressed gas refrigerant discharged into the 
closed container 1 is discharged to the piping 236 via 
the discharge pipe 22 to flow into the condenser 237. 
After the heat dissipation and the condensation are per- 
formed, the pressure reduction is performed by the cap- 
illary tube 238, before the refrigerant flows into the 
accumulator 239. 

[0074] Subsequently, only the liquid refrigerant flows 
to the capillary tube 241 from the accumulator 239 in 
the same manner as described above. After the pres- 
sure reduction is performed, the refrigerant flows into 
the evaporator 242 to evaporate and fulfill its cooling 
action. Subsequently, the low-temperature refrigerant 
flowing out of the evaporator 242 is sucked again by the 
low-stage compressing section 52 via the piping 43, the 
solenoid valve 247 and the suction pipe 24. 
[0075] Specifically, in the second mode M2, only the 
low-stage compressing section 52 is operated for cool* ' 
ing without using the high-stage compressing section 
51. Thereby, during nighttime or when outside air tem- 
perature is low, the cooling ability is lowered and the 
power consumption can be suppressed in the same 
manner as the first mode M1 . 

[0076] Moreover, when the electric motor 2 is oper- 
ated in the third mode M3. the gas refrigerant com- 
pressed by the low-stage compressing section 52 is 
discharged into the closed container 1 from the second 
switching solenoid valve 246 via the piping 246A. On 
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the other hand, the gas refrigerant compressed by the 
high-stage compressing section 51 is discharged to the 
discharge muffler 1 9 via V, .<= discharge hole and further 
discharged into the closed container 1 via the discharge 
muffler 19. 

[0077] The compressed gas refrigerant discharged 
into the closed container 1 is discharged to the piping 
236 via the discharge pipe 22 to flow into the condenser 
237. After the heat dissipation and the condensation are 
performed, the pressure reduction is performed by the 
capillary tube 238, before the refrigerant flows into the 
accumulator 239. 

[0078] Subsequently, only the liquid refrigerant flows 
to the capillary tube 241 from the accumulator 239 in 
the same manner as described above. After the pres- 
sure reduction is performed, the refrigerant flows into 
the evaporator 242 to evaporate and fulfill its cooling 
action. Subsequently, the low-temperature refrigerant 
flowing out of the evaporator 242 is branched, passed 
through the piping 43 and the solenoid valve 247, and 
sucked again by the low-stage compressing section 52 
via suction pipe 24. 

[0079] The other low-temperature refrigerant 

branched from the evaporator 242 is passed through 
the piping 245A and the first switching solenoid valve 
245. and sucked by the high-stage compressing section 
51 via the suction pipe 23. In the closed container 1 the 
refrigerant discharged from the high-stage compressing 
section 51 meets the compressed gas refrigerant of the 
low-stage compressing section 52 discharged into the 
closed container 1 via the second switching solenoid 
valve 246 and the piping 246A, and is again discharged 
to the piping 236 via the discharge pipe 22. 
[0080] Specifically, in the third mode M3, the opera- 
tions of the low-stage compressing section 52 and the 
high-stage compressing section 51 are performed in 
parallel. Thereby, during pull-down, during daytime, 
when outside air temperature is high, or at the time of a 
high load, the displacement volume is increased to 
maximize the cooling ability. 

[0081] Moreover, when the electric motor 2 is oper- 
ated in the fourth mode M4, the low-stage compressing 
section 52 sucks the refrigerant via the suction pipe 24 
to perform compression (first-stage compression), and 
discharges the refrigerant to the piping 31 via the sec- 
ond switching solenoid valve 246. The one-stage com- 
pressed gas refrigerant discharged to the piping 31 is 
passed through the flow combiner 32 and the first 
switching solenoid valve 245, and sucked by the high- 
stage compressing section 51 via the suction pipe 23. 
[0082] The two-stage compressed gas refrigerant 
subjected to compression (second-stage compression) 
is discharged into the closed container 1 via the dis- 
charge hole. The two-stage compressed gas refrigerant 
discharged into the closed container 1 is discharged to 
the piping 236 via the discharge pipe 22. Subsequently, 
the refrigerant flows into the condenser 237, in which 
the heat dissipation and the condensation are per- 



formed. Thereafter, the pressure reduction is performed 
by the capillary tube 238, before the refrigerant flows 
into the accumulator 239. 

[0083] Additionally, the throttle amount of the capillary 
5 tube 238 is selected in such a manner that the temper- 
ature of the saturated gas refrigerant, i.e., the gas-liquid 
separation temperature is in the range of -5°C to +25°C. 
[0084] Subsequently, only the liquid refrigerant flows 
to the capillary tube 241 from the accumulator 239 in 
10 the same manner as described above. After the pres- 
sure reduction is performed, the refrigerant flows into 
the evaporator 242 to evaporate and fulfill its cooling 
action. Subsequently, the low-temperature gas refriger- 
ant flowing out of the evaporator 242 is passed through 
15 the piping 43 and the solenoid valve 247 and sucked 
again into the low-stage compressing section 52 via the 
suction pipe 24. 

[0085] Moreover, the saturated gas refrigerant in the 
upper section of the accumulator 239 flows out to the 

20 branched pipe 44. When the refrigerant is passed 
through the branched pipe 44 to flow into the flow com- 
biner 32, it meets the one-stage compressed gas refrig- 
erant discharged from the low-stage compressing 
section 52. Thereafter, the refrigerants are sucked by 

25 the high-stage compressing section 51 via the first 
switching solenoid valve 245 and the suction pipe 23, 
and compressed. Specifically, in the fourth mode M4 the 
refrigerant compressed and discharged by the low- 
stage compressing section 52 is again compressed by 

30 the high-stage compressing section 51. While the 
torque fluctuation in one compressing operation is sup- 
pressed, a high compression ratio can be obtained. 
[0086] Additionally, the throttle amount of the capillary 
tube 238 is selected in such a manner that the temper- 

35 ature of the saturated gas refrigerant, i.e., the gas-liquid 
separation temperature is in the range of -5°C to +25°C. 
[0087] Subsequently, only the liquid refrigerant flows 
out toward the capillary tube 241 from the accumulator 
239. After the pressure reduction is performed, the 

40 refrigerant flows into the evaporator 242 to evaporate. 
The evaporator 242 fulfills its cooling action by taking 
heat from its surrounding. The low-temperature gas 
refrigerant flowing out of the evaporator 242 is then 
passed through the piping 43 to return to the compres- 

45 sor C, and sucked again by the low-stage compressing 
section 52 via the suction pipe 24. 
[0088] Moreover, the saturated gas refrigerant in the 
upper section of the accumulator 239 flows out through 
the branched pipe 44, and further flows into the flow 

so combiner 32. After the refrigerant meets the one-stage 
compressed gas refrigerant discharged from the low- 
stage compressing section 52, the refrigerants are 
sucked by the high-stage compressing section 51 via 
the suction pipe 23. and compressed again. Specif i- * 

55 cally. when the refrigerant compressed and discharged 
by the low-stage compressing section 52 is again com- 
pressed by the high-stage compressing section 51, the 
torque fluctuation in one compressing operation is sup- 
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pressed, while a high compression ratio can be 
obtained. The ordinary multi-stage compressing refrig- 
eration device R is thus constituted. 
[0089] In the aforementioned multi-stage compressing 
refrigeration device R, the low-stage compressing sec- 
tion 52 and the high-stage compressing section 51 of 
the compressor C, the condenser 237, the capillary tube 
238, the accumulator 239, the capillary tube 241 and 
the evaporator 242 are successively interconnected in a 
circular shape to constitute a refrigeration cycle. Since 
the saturated gas refrigerant in the accumulator 239 is 
sucked into the high-stage compressing section 51 
together with the refrigerant discharged from the low- 
stage compressing section 52, the temperature of the 
gas refrigerant sucked by the high-stage compressing 
section 51 can be lowered, and input can be reduced. 
The temperature of the gas refrigerant discharged from 
the high-stage compressing section 51 is also lowered. 
Therefore, even when ester oil is used as the lubricating 
oil, the generation of POE problem and the deterioration 
of lubricating properties are prevented. 
[0090] Moreover, since the liquid refrigerant in the 
accumulator 239 is passed through the capillary tube 
241 and evaporated in the evaporator 242, the refriger- 
ation effect relative to the refrigerant circulation amount 
is increased. The efficiency can be enhanced as shown 
in Mollier chart of Fig. 13. 

[0091] Here, the relationship of the ratio D2/D1 of the 
displacement volume D1 of the low-stage compressing 
section 52 and the displacement volume D2 of the high- 
stage compressing section 51 and the result coefficient 
is shown in Fig. 4. As clearly seen from Fig. 4, the result 
coefficient exhibits a mountain-shaped characteristic 
with the vicinity of displacement volume ratio D2/D1 of 
30% (0.3) being its peak. 

[0092] Subsequently, the throttle amount of the capil- 
lary tube 238 is changed to change the gas-liquid sepa- 
ration temperature in the accumulator 239. When the 
peak value of the curve of Fig. 4 in each gas-liquid sep- 
aration temperature is plotted as shown in Fig. 6, a 
mountain-shaped characteristic is obtained as shown in 
Fig. 5 or 6. In this case, however, the intermediate evap- 
orator temperature in Fig. 5 or 6 is replaced with the 
gas-liquid separation temperature. 
[0093] Specifically, when the gas-liquid separation 
temperature in the accumulator 239 is set in the range 
of -5°C to +25 8 C based on the relationship of the gas- 
liquid separation temperature in the accumulator 239 
and the result coefficient shown in Fig. 5 or 6, the result 
coefficient can remarkably be improved as compared 
with the one-stage compressing refrigeration device 
shown in the lowermost portion of Fig. 6. 
[0094] As described above, the operation of the multi- 
stage compressing refrigeration device R is constituted 
to be switched to the first mode M1, the second mode 
M2, the third mode M3, the fourth mode M4. Therefore, 
during nighttime, when outside air temperature is low, or 
at the time of a low load, the power consumption can be 



suppressed by switching the operation to the first mode 
M1 or the second mode M2. 

[0095] Moreover, at the time of a high load, e.g., dur- 
ing the pull-down after the multi-stage compressing 

5 refrigeration device R is installed or after frost is 
removed from the evaporator 242, the operation is 
switched to the third mode M3, so that the refrigeration 
ability is maximized while a strong and rapid cooling can 
be performed. Furthermore, when ordinary operation is 

10 performed in the fourth mode M4, the torque fluctuation 
in one compressing operation is suppressed, while a 
high compression ratio can be obtained. Therefore, the 
temperature of the gas refrigerant sucked by the high- 
stage compressing section 51 is lowered, and input can 

75 be reduced. Additionally, the result coefficient is remark- 
ably improved as compared with the one-stage com- 
pressing refrigeration device, and efficiency can be 
enhanced. 

[0096] As described above in detail, according to the 

20 multi-stage compressing refrigeration device R of Fig. 8, 
the low-stage compressing means, the high-stage com- 
pressing means, the condenser, the primary expanding 
means, the accumulator, the secondary expanding 
means and the evaporator are successively intercon- 

25 nected in a circular shape to constitute a refrigeration 
cycle. In the multi-stage compressing refrigeration 
device, the first mode in which the refrigerant dis- 
charged from the high-stage compressing means is 
successively passed through the condenser, the pri- 

30 mary expanding means, the accumulator, the second- 
ary expanding means and the evaporator and sucked 
into the high-stage compressing means; the second 
mode in which the refrigerant discharged from the low- 
stage compressing means is successively passed 

35 through the condenser, the primary expanding means, 
the accumulator, the secondary expanding means and 
the evaporator and sucked by the low-stage compress- 
ing means; the third mode in which the refrigerants dis- 
charged from the high-stage compressing means and 

40 the low-stage compressing means are successively 
passed through the condenser, the primary expanding 
means, the accumulator, the secondary expanding 
means and the evaporator, branched, and sucked by 
the high-stage compressing means and the low-stage 

45 compressing means, respectively; and the fourth mode 
in which the refrigerant discharged from the high-stage 
compressing means is passed through the condenser, 
the primary expanding means and the accumulator, the 
liquid refrigerant in the accumulator is passed to the 

so evaporator via the secondary expanding means and 
sucked into the low-stage compressing means, the 
refrigerant discharged from the low-stage compressing 
means is further sucked into the high-stage compress- 
ing means, and the saturated gas refrigerant in the 

55 accumulator is sucked into the high-stage compressing 
means together with the refrigerant discharged from the 
low-stage compressing means can selectively be per- 
formed. In general, by setting the operation to the fourth 
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mode, the torque fluctuation In one compressing opera- 
tion is suppressed, while a high compression ratio can 
be obtained. Additionally, the temperature of the gas 
refrigerant sucked by the high-stage compressing 
means can be lowered, and the input can be reduced. 5 
Moreover, the temperature of the gas refrigerant dis- 
charged from the high-stage compressing means is 
also lowered. Therefore, even when ester oil is used as 
the lubricating oil, the generation of POE problem and 
the deterioration of lubricating properties can be pre- w 
vented. 

[0097] Additionally, since the liquid refrigerant in the 
accumulator is passed through the secondary expand- 
ing means and evaporated in the evaporator, the refrig- 
eration effect relative to the refrigerant circulation 15 
amount is increased, so that the efficiency can be 
enhanced. 

[0098] Moreover, when the third mode is set at the 
time of a high load, e.g., during the pull-down after the 
refrigeration device is installed or after frost is removed 20 
from the evaporator, the refrigeration ability can be max- 
imized and the strong and rapid cooling action can be 
obtained. When the first or second mode is set at the 
time of a low load, e.g., during nighttime, the power con- 
sumption can be suppressed. 25 
[0099] Furthermore, since the gas-liquid separation 
temperature in the accumulator is set in the range of - 
5°C to +25°C. especially in the fourth mode, the result 
coefficient can remarkably be improved as compared 
with the one-stage compressing refrigeration device. 30 
[0100] Additionally, since the ratio D2/D1 of the dis- 
placement volume D1 of the low-stage compressing 
means and the displacement volume D2 of the high- 
stage compressing means is set in the range of * 

0. 35+0.15, especially in the fourth mode, the result 35 
coefficient is further improved as compared with the 
one-stage compressing refrigeration device, and the 
efficiency can be enhanced. 

Claims 40 

1. A multi-stage compressing refrigeration device 
wherein low-stage compressing means and high- 
stage compressing means, a condenser, first 
expanding means, an intermediate evaporator, sec- 45 
ond expanding means and a main evaporator con- 
stitute a refrigeration cycle, a refrigerant flowing out 

of said condenser is branched, one refrigerant is 
passed to the intermediate evaporator via said first 
expanding means, the other refrigerant is passed to so 
the main evaporator via said second expanding 
means, heat exchange is performed between the 
refrigerant flowing into the second expanding 
means and said intermediate evaporator, the refrig- 
erant flowing out of said main evaporator is sucked ss 
by said low-stage compressing means, and the 
refrigerant flowing out of said intermediate evapora- 
tor is sucked by said high-stage compressing 



means together with the refrigerant discharged 
from said low-stage compressing means. 

2. The multi-stage compressing refrigeration device 
according to claim 1 wherein a refrigerant tempera- 
ture in the intermediate evaporator is set in the 
range of -10°C to +25°C. 

3. A refrigerator using the multi-stage compressing 
refrigeration device of claim 1, comprising a freez- 
ing chamber and a cold storage chamber, wherein 
the main evaporator is used as a freezing chamber 
evaporator and the intermediate evaporator is used 
as a cold storage chamber evaporator. 

4. The refrigerator using the multi-stage compressing 
refrigeration device according to claim 3 wherein a 
refrigerant temperature in the cold storage chamber 
evaporator is set in the range of -10°C to +0°C. 

5. The multi-stage compressing refrigeration device 
according to claim 1, 2, 3, or 4 or a refrigerator 
using the multi-stage compressing refrigeration 
device wherein a ratio D2/D1 of a displacement vol- 
ume D1 of the low-stage compressing means and a 
displacement volume D2 of the high-stage com- 
pressing means is set in the range of 0.35±0.15. 

6. A refrigerator using a multi-stage compressing 
refrigeration device, comprising an electric motor 
and a compressing element operated by the elec- 
tric motor in a single closed container, the com- 
pressing element being provided with a compressor 
comprising a low-stage compressing means and a 
high-stage compressing means, and a refrigeration 
cycle comprising the low-stage compressing 
means and the high-stage compressing means of 
the compressor, a condenser, first expanding 
means, a cold storage chamber evaporator, second 
expanding means and a freezing chamber evapora- 
tor, wherein 

a refrigerant flowing out of said condenser is 
branched, one refrigerant is passed to said 
cold storage chamber evaporator via said first 
expanding means, the other refrigerant is 
passed to said freezing chamber evaporator 
via said second expanding means, heat 
exchange is performed between the refrigerant 
flowing into the second expanding means and 
said cold storage chamber evaporator, the 
refrigerant flowing out of said freezing chamber 
evaporator is sucked by said low-stage com- 
pressing means, and the refrigerant flowing out 
of said cold storage chamber evaporator is 
sucked by said high-stage compressing means 
together with the refrigerant discharged from 
said low-stage compressing means. 
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7. A multi-stage compressing refrigeration device 
comprising low-stage compressing means, high- 
stage compressing means, a condenser, primary 
expanding means, a accumulator, secondary 
expanding means and an evaporator successively § 
interconnected in a circular shape to constitute a 
refrigeration cycle, wherein 

a first mode in which a refrigerant discharged 
from said high-stage compressing means is io 
successively passed through said condenser, 
the primary expanding means, the accumula- 
tor, the secondary expanding means and the 
evaporator and sucked by said high-stage com- 
pressing means; a second mode in which a is 
refrigerant discharged from said low-stage 
compressing means is successively passed 
through said condenser, the primary expanding 
means, the accumulator, the secondary 
expanding means and the evaporator and 20 
sucked by said low-stage compressing means; 
a third mode in which refrigerants discharged 
from said high-stage compressing means and 
the low-stage compressing means are succes- 
sively passed through said condenser, the pri- 25 
mary expanding means, the accumulator, the 
secondary expanding means and the evapora- 
tor, branched and sucked by said high-stage 
compressing means and the low-stage com- 
pressing means, respectively; and a fourth 30 
mode in which a refrigerant discharged from 
said high-stage compressing means is passed 
through said condenser, the primary expanding 
means and the accumulator, a liquid refrigerant 
in the accumulator is passed to said evaporator 35 
via said secondary expanding means and 
sucked by said low-stage compressing means, 
a refrigerant discharged from the low-stage 
compressing means is further sucked by said 
high-stage compressing means, and a satu- 40 
rated gas refrigerant in said accumulator is 
sucked by said high-stage compressing means 
together with the refrigerant discharged from 
said low-stage compressing means can selec- 
tively be performed. 45 

The multi-stage compressing refrigeration device 
according to claim 7 wherein a gas-liquid separa- 
tion temperature in the accumulator is set in the 
range of -5°C to +25°C. so 

The multi-stage compressing refrigeration device 
according to claim 7 or 8 wherein a ratio D2/D1 of a 
displacement volume D1 of the low-stage com- 
pressing means and a displacement volume D2 of 55 
the high-stage compressing means is set in the 
range of 0.35±0.1. 
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